Summary. Sheep embryos, collected 1-8 days after oestrus, were placed in Dulbecco's phosphate-buffered saline medium (PBS). After treatment, the viability of the embryos was tested by temporary transfer to ligated rabbit oviducts. In Exp. 1, Days 5-8 embryos survived for at least 15 min at 0\ s=deg\ C in the presence of 1\ m=. \ 5m-DMSO. In Exp. 2, 12/14 Days 5-8 embryos survived after being frozen in 1\m=.\5m-DMSO at 0\m=.\3\s=deg\C/mi n to temperatures ranging between \ m=-\ 15\ s=deg\ and \m=-\60\s=deg\Cand then thawed at 12\s=deg\C/min. In Exp. 3, Days 5-8 embryos were frozen in 1\m=.\5m-DMSO at 0\m=.\3\s=deg\C/mi n to below \m=-\65\s=deg\Cbefore being transferred to liquid nitrogen (\m=-\196\s=deg\C), and stored for 12 hr to 1 month. The embryos were thawed at 3\s=deg\C/min,12\s=deg\C/min or 360\s=deg\C/minand, after transfer to rabbit oviducts, 0/4, 10/36 and 1/4, respectively, developed normally. The 11 embryos which were considered normal when recovered from the rabbit oviducts plus 1 slightly retarded embryo were transferred to 7 recipient ewes. Four ewes subsequently lambed, producing 5 lambs. In addition, 8 embryos were transferred to 4 ewes directly after thawing. Three of these ewes subsequently lambed, producing 3 lambs.
Introduction
The development of reliable methods for long-term preservation of embryos of the large domestic species would greatly facilitate a more widespread application of embryo transplantation in the breeding of farm animals. The survival and normal development of mouse embryos after freezing and storage in liquid nitrogen have been achieved by techniques involving treatment of the embryos with media containing dimethylsulphoxide (DMSO) or glycerol combined with relatively slow rates of freezing and thawing (Whittingham, Leibo & Mazur, 1972; Wilmut, 1972) . The results of these experiments suggested that similar methods might be applied successfully to embryos of other species. So far, however, the only farm animal in which some success has been reported is the cow, and the birth of one calf following transplantation of frozen and thawed embryos has been obtained (Wilmut & Rowson, 1973) . The aim of the present experiments was to examine the possibility of deep freezing sheep embryos.
Materials and Methods
Mature Welsh Mountain ewes were injected with 1000 i.u. PMSG (Folligon: Organon) on Day 13 of the oestrous cycle (onset of oestrus=Day 0), mated to fertile Welsh Mountain Suffolk rams at oestrus, and embryos were collected 1-8 days later by the method of Hunter, Adams & Rowson (1955) . The medium used for flushing the embryos from the reproductive tracts and for all subsequent procedures was Dulbecco's phosphate-buffered saline (PBS), enriched with energy-yielding sub¬ stances and bovine serum albumin (Whittingham, 1971 Fig. 2 . Sheep embryo, frozen as a Day 5 morula, which had a large crack in the zona pellucida but normal nuclear morphology. The embryo was fixed after thawing and dilution of DMSO. x400. Fig. 3 . Lambs produced from deep-frozen embryos (see text).
(Facing p. 152) Fig. 1 ). The 11 apparently normal embryos plus 1 slightly retarded embryo (thawed at 12°C/min) were re-transferred to 7 ewes, and 5 Iambs were born (Table  3) . A total of 10 blastocysts devoid of the zona pellucida was frozen. Upon thawing, 8 were recovered (6 thawed at 12°C/min, 2 at 360°C/min) and transferred directly to 4 recipient ewes; 3 lambs were born (Table 3) . 
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To summarize, of the 8 embryos which developed to term (PI. 1, Fig. 3 (Whittingham et al, 1972; Wilmut, 1972) . For the mouse embryo the importance of rela¬ tively slow freezing and thawing rates, of the order of 0-2°to 0-3°C/min and 4°to 25°C/min respec¬ tively, has been stressed. A freezing rate of 0-3°C/min and a thawing rate of 12°C/min were employed in the majority of our experiments with sheep embryos, but survival was also obtained after a thawing rate of 360°C/min. Further experiments are needed to establish optimal conditions and the best stage for freezing sheep embryos. Some of the embryos frozen to -196°C had cracks of various sizes in the zona pellucida after thawing. Cracks were not observed in embryos frozen to temperatures between -15°and -60°C, but they were more frequent in embryos which had been transferred to liquid nitrogen from -65°to -70°C (12/32) than in embryos transferred to liquid nitrogen from -125°to -130°C (1/19). In some instances large cracks occurred without visible damage to the blastomeres (PI. 1, Fig. 2) , and although such embryos were excluded from testing in the ligated rabbit oviduct, it is possible that they had survived freezing and thawing.
If deep-freezing of sheep embryos is to become a practical proposition, methods yielding sub¬ stantially higher survival rates must be achieved. Judging from the results reported above this would appear to be possible.
